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Description
TECHNICAL FIELD

[0001] The presentinvention relates to topical compo-
sitions for reducing, preventing, or reversing damage to
the eyes resulting from oxidative stress (dry eye, cata-
racts, retinal degeneration, etc.), and particularly to anti-
oxidant eye drops containing four nutraceuticals in a car-
bomer gel carrier.

BACKGROUND ART

[0002] The prevalence of age-related ocular diseases,
such as cataract, macular degeneration (AMD) and kera-
toconjunctivitis sicca (KCS, commonly known as dry
eye), increases as populations age. Cataracts account
for the majority of reversible age-related vision loss, while
AMD is the leading cause of irreversible blindness. KCS,
which affects the majority of people over the age of 65,
results in significant ocular discomfort and visual dys-
function. While KCS generally does not result in vision
loss, KCS, if left untreated, results in painful superficial
keratitis that can lead to corneal ulcers or scars.

[0003] Age-related diseases are also a growing prob-
lem in the veterinary community. Loss of vision from cat-
aracts is the major cause of blindness in dogs and cats.
Progressive retinal atrophy with clinical onsets varying
from 6 months to 10+ years can also develop in many of
these companion pets. These retinal degenerations also
have strong genetic links. The onset of dry eye in dogs
increases as dogs approach 7-9 years of age. KCS is
increased in older female dogs, as compared to male
dogs, and is increased in both neutered males and fe-
males. In contrast to dogs, the presence of KCS in cats
is more subtle.

[0004] There is no established pharmaceutical treat-
ment for age-related cataracts, and vision in patients can
only be restored by surgery. It has been estimated that
the need for cataract surgery can be reduced by 50% by
delaying the onset and progression of cataracts by 10
years. The need for a nonsurgical treatment for delaying
cataracts is supported by findings that cataract surgery
increases the incidence of late AMD. At present, there is
also no medical treatment for preventing the onset or
reducing the enlargement of geographic atrophy (dry
AMD).

[0005] The pathogeneses of cataracts and AMD have
not been established. However, both are multifactorial
diseases with risk factors that include smoking, which is
associated with the generation of reactive oxygen spe-
cies (ROS) and increased tissue iron levels. Dry eye is
also a multifactorial disease involving oxidative stress.
Smoking also increases the risk of dry eye and exacer-
bates existing dry eye conditions. Experimentally, in-
creased oxidative damage accompanied by increased
levels of iron has been linked to the development and
progression of cataracts and AMD. ROS generated in
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the presence of iron results in the formation of hydroxyl
radicals through the Fenton reaction, and also results in
mitochondrial dysfunction. Cataracts also develop in pa-
tients with hyperferritinemia, an iron disorder associated
with increased iron levels. Dysregulation of iron metab-
olism and iron-handling proteins is also linked to the
pathogenesis of AMD, marked by increased chelatable
iron observed in the retinal pigmented epithelial cells
(RPE) and Bruchs membrane in retinas from AMD pa-
tients. Iron overload is also associated with a maculop-
athy that clinically resembles AMD, including the devel-
opment and progression of multiple subretinal yellowish-
white lesions and RPE cell atrophy in patients with acer-
uloplasminemia.

[0006] Studies indicate that targeting oxidative path-
ways associated with these age related diseases is ther-
apeutically beneficial. For instance, WO 2009/084069 A2
discloses antioxidant ocular solutions useful as a tear
substitute for the treatment of e.g. age-related macular
degeneration. Most formulations containing natural anti-
oxidant and/or vitamins for the support of antioxidant eye
health and the reduction of cataract development are
orally administered. For example, the oral clinical admin-
istration of acombined formulation of natural antioxidants
and omega-3 essential fatty acids significantly improves
the subjective symptoms of dry eye, while the oral ad-
ministration of the AREDS natural antioxidant formula-
tion reduces the risk of progression to advanced AMD
by 25%. However, several large clinical studies where
the nutraceuticals formulations were orally administered
suggest that any observed effect of these antioxidants
on cataractdevelopmentis likely to be smalland probably
of no clinical or public health significance. ROS can also
be reduced by lowering tissue levels of iron, which can
generate reactive hydroxyl radicals through the Fenton
reaction. Studies using chelating agents to reduce iron
levels suggest that ROS may also be beneficially reduced
inthe lens because patients with B-thalassemia receiving
chelation therapy with drugs (such as deferoxamine)
have alower incidence of cataracts. Similarly in rats, cat-
aracts from tobacco smoke exposure were reduced by
deferoxamine treatment. Novel multifunctional antioxi-
dants with the ability to independently scavenge free rad-
icals and chelate iron have been shown to also delay
both cataract formation and protect the retina against
light damage, a model for AMD.

[0007] Thus, antioxidant eye drops solving the afore-
mentioned problems is desired.

DISCLOSURE OF INVENTION

[0008] The invention is defined by the claims. Any sub-
ject-matter falling outside the scope of the claims is pro-
vided for information purposes only.

[0009] The antioxidant eye drops is a topical ophthal-
mic formulation that contains four nutraceuticals (name-
ly, astaxanthin, resveratrol, ethyl pyruvate and epigallo-
catechin gallate (EGCG)) having antioxidant, anti-inflam-
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matory, and chelating activity in a carbomer gel carrier
that includes ethylenediaminetetraacetic acid ("EDTA").
The active ingredients can reduce oxidative stress
through free radical scavenging and chelating activity.
[0010] The topical ophthalmic formulation of the
present invention is according to claim 1 and consists
essentially of a mixture of astaxanthin, resveratrol, ethyl
pyruvate and green tea extract containing (-)Epigallo-
catechin gallate in a carbomer gel carrier, which consists
essentially of 0.4 wt% Carbopol 980 NF, 5.7 wt% sorbitol,
0.01 wt% cetrimide, 0.01 wt% EDTA, and the balance
being deionized water, wherein the pH of the eye drop
composition is adjusted to between 7.0 and 7.4 with ef-
fective amounts of sodium chloride and sodium hydrox-
ide. The carbomer vehicle is similar to commercially
available Optixcare, which promotes adhesion to the sur-
face of the eye, and has been well-suited to deliver the
aldose reductase inhibitor Kinostat™ to diabetic dogs.
The range of each individual nutraceutical component is
between 0.1% and 5% wt. The suggested dose is 1 drop
in each eye twice daily (b.i.d.). The topical ophthalmic
formulation delays cataracts induced by oxidative stress
and reduces retinal degeneration induced by oxidative
stress in a human or other mammal. The retinal efficacy
can be supplemented with an additional oral capsule con-
taining astaxanthin, resveratrol, pyruvate, and EGCG.
The topical ophthalmic formulation also prevents or re-
duces the reduction of tear flow observed in dry eye.
Therefore, another object of the present invention is the
composition of claim 1 for use in the treatment of cata-
racts induced by oxidative stress, wherein the composi-
tion is formulated for topical administration to a human
or other mammal in need thereof. Another object of the
present invention is the composition of claim 1 for use in
reducing retinal degeneration induced by oxidative
stress, wherein the composition is formulated for topical
administration to a human or other mammal in need
thereof, and another object of the present invention is
the composition of claim 1 for use in reducing the reduc-
tion of tear flow observed in dry eye induced by oxidative
stress, wherein the composition is formulated for topical
administration to a human or other mammal in need
thereof.

[0011] These and other features of the present inven-
tion will become readily apparent upon further review of
the following specification and drawings.

BRIEF DESCRIPTION OF DRAWINGS
[0012]

Fig. 1 is a graph showing a comparison of the devel-
opment of sugar cataracts in rats as a function of the
number of weeks after induction of diabetes mellitus
in the rats, including a control sample (untreated), a
sample treated with antioxidant eye drops according
to the presentinvention (Optixcare EH), and two oth-
er commercially available (or soon to be available)
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eye care formulations.

Fig. 2 is a comparative matrix of photomicrographs
of the lenses of diabetic rats corresponding to the
graph of Fig. 1, showing the relative development of
cataracts in the four sample groups of rats.

Fig. 3 is a chart showing a comparison of GSH levels
in four groups of young female rats where one eye
was exposed to UV irradiation while the contralateral
eye was covered and served as the non-irradiated
control, including a control group (untreated), a
group treated with antioxidant eye drops according
to the present invention (Optixcare EH), and two
groups treated with other eye care formulations.
Fig. 4 is a chart showing lenticular levels of 4-hydrox-
ynonenol (4-HNE) in the four sample groups of rats
corresponding to Fig. 3.

Fig. 5A shows 4-hydroxynonenol (HNE)-histidine
adduct levels in the neural retina of three groups of
rats exposed to light after a 2-week adaptation to the
dark, including a control group (untreated) and a
group treated with antioxidant eye drops according
to the present invention (Optixcare EH).

Fig. 5B shows nitrotyrosine adduct levels in the neu-
ral retina of the three groups of rats corresponding
to Fig. 5A.

Fig. 6A is a chart showing expression of thioredoxin
(TRx) in the neural retina of the three groups of rats
corresponding to Fig. 5A.

Fig. 6B is a chart showing expression of thioredoxin
reductase (TRxR) in the neural retina of the three
groups of rats corresponding to Fig. 6A.

Fig. 7 is a graph showing tear flow induced by twice
daily subcutaneous injections of scopolamine in five
groups of adult Lewis rats, including a control group
(untreated) and a group treated with antioxidant eye
drops according to the present invention (Optixcare
EH).

[0013] Similar reference characters denote corre-
sponding features consistently throughout the attached
drawings.

BEST MODES FOR CARRYING OUT THE INVENTION

[0014] The antioxidant eye drops (which are also re-
ferred to in the present application as Optixcare Eye
Health (Optixcare EH)) is the topical ophthalmic formu-
lation according to claim 1 that consists essentially of a
mixture of astaxanthin, resveratrol, ethyl pyruvate and
green tea extract containing (-)Epigallocatechin gallate
in a carbomer gel carrier, which consists essentially of
0.4 wt% Carbopol 980 NF, 5.7 wt% sorbitol, 0.01 wt%
cetrimide, 0.01 wt% EDTA, and the balance being deion-
ized water, wherein the pH of the eye drop composition
is adjusted to between 7.0 and 7.4 with effective amounts
of sodium chloride and sodium hydroxide. The composi-
tion can optionally include 1 % ascorbic acid. The ascor-
bic acid can serve as an antioxidant preservative for the
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mixture.

[0015] Astaxanthin is a carotenoid with 10-fold higher
antioxidant activity than zeaxanthin, lutein, canthaxantin,
and B-carotene. It is called "super vitamin E" because it
has 100-fold higher antioxidant activity than a-tocopherol
(vitamin E). In polar solvent, astaxanthin exists in equi-
librium with its keto-enol form, which possesses a hydro-
gen atom capable of breaking the free radical reaction in
a manner similar to that of a-tocopherol. There are 3
configurational isomers, 2-enantiomers and a meso form
of astaxanthin, with the 3S, 3'S being the most abundant
in nature. In vitro, cis-astaxanthin, especially 9-cis-astax-
anthin, has higher antioxidant activity than the all-trans
isomer.

[0016] It has been reported that cultured human lens
epithelial cells can accumulate the nutraceuticals astax-
anthin, lutein, zeaxanthin and a-tocopherol in a concen-
tration- and time-dependent manner, and all of the former
are more potent than a-tocopherol in protecting human
lens epithelial cells against oxidative stress produced by
UV-B radiation. A 1% suspension of astaxanthin topically
administered t.i.d. to Brown Norway Rats over a 9-week
period has been reported to reduce cataract formation
induced by exposure to UV-B light (1200 mJ/cm?2). Strep-
tozotocin induced diabetic rats treated with a diet con-
taining astaxanthin had lower cataracts, and dietary
astaxanthin also reduces cataract formation in Atlantic
salmon smolts. Various studies have also shown that just
as lutein and zeaxanthin are beneficial for the treatment
of AMD, astaxanthin has a protective effect on the retina.
Astaxanthin slows the decrease in retinal ganglion cells
and the thickness of the inner plexiform layer that results
from intravitreal injection of N-methyl-D-aspartate
(NMDA). In another clinical study, oral administration for
12 months of AZYR tablets (SIFI, Catania, Italy) contain-
ing in addition to 4 mg of astaxanthin, 10 mg lutein and
1 mg zeaxanthin, 180 mg of vitamin C, 30 mg vitamin E,
2.5 mg zinc and 1 mg copper to patients with nonad-
vanced AMD results in a decrease of central retinal dys-
function as measured by multifocal electroretinograms.
[0017] Resveratrol is the antioxidant present in red
wine, and has been touted as an anti-aging compound.
Its antioxidant activity results from the presence of con-
jugated hydroxyl groups. As reported in the literature, the
bioavailability of resveratrol from oral administration is
limited, and resveratrol probably does not reach effective
target tissue levels because of rapid metabolism by glu-
coronide and sulfate conjugation by the intestine/liver.
Topical application can bypass this metabolism. The pro-
tective effects of resveratrol within the eye are extensive,
with anti-oxidant, anti-apoptotic, anti-inflammatory, anti-
angiogenic and vasorelaxant properties reported. Res-
veratrol can reduce in a dose-dependent manner of up
to 50 wM the secretion of inflammatory cytokines, TGF-
B and hypoxia-induced VEGF in primary cultured human
retinal pigment epithelial cells (HRPE) cells. In cultured
human RPE19 cells, addition of 50 and 100 mmol/L of
resveratrol reduces the in vitro proliferation of human
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RPE19 cells by 10% and 25%, respectively, and protect-
ed RPE cells from hydrogen peroxide-induced cell death.
Resveratrol is a SIRT1 activator, and upregulation of
SIRT1 has been shown to have an important protective
effect against various ocular diseases (such as cataract,
retinal degeneration, optic neuritis, and uveitis) in animal
models. In mice, long-term resveratrol treatment slows
age-related degeneration and functional decline in mice,
including cataract formation. Resveratrol also amelio-
rates oxidative stress associated with AMD and glauco-
ma. In mice with lipopolysaccharide (LPS) injected to in-
duce endotoxin-induced uveitis (EIU), oral administration
of resveratrol prior to LPS injections reduces inflamma-
tion through inhibition of oxidative damage and redox-
sensitive NF-kB activation. In rats with experimental ret-
inal detachment, resveratrol treatment up-regulates the
FoxO family and blocks Caspase 3, 8, and 9 activation.
In a rabbit corneal culture model, resveratrol reduces the
S aureus associated expression of interleukin-8 gene.
[0018] The presence of astaxanthin in the composition
can cause the composition to turn a deep red color. A
lighter color can be achieved by decreasing the amount
of astaxanthin used and increasing the amount of res-
veratrol in the composition. For example, a solution or
gel containing 1 % pyruvate, 1 % EGCG, 2% resveratrol,
and 0.01 % astaxanthin can have a peach color and a
viscosity of 18,000-22,000 mPas (18,000-22,000 cps) on
a Brookfield DV-II Spindle No. T-F at 5 RPM. This gel
has a light peach color and a sweet scent.

[0019] Pyruvate is an endogenous antioxidant that,
when administered as an ethyl ester prodrug, reduces
organ system damage in ischemia/reperfusion injury and
hemorrhagic and endotoxic shock. Pyruvate has direct
beneficial effects on cytokine expression and proinflam-
matory gene regulation. In in vitro lens and diabetic rat
studies reported in the literature, pyruvate delayed sugar
cataract formation by decreasing lens sorbitol levels, lipid
peroxidation, and promoting the reduction of pyruvate to
lactate. It also delays sugar cataracts in 30% galactose-
fed rats. Both topically applied sodium pyruvate and its
ethyl ester penetrate the cornea. Pyruvate also has rad-
ical scavenging ability and can reduce selenite cataracts
in rats after i.p. administration,

[0020] (-)Epigallocatechin gallate (EGCG), the most
abundant component in green tea, has 10-fold greater
antioxidant activity than vitamin E. As reported in the lit-
erature, it can chelate redox reactive iron and copper.
When topically applied, it reaches the lens. EGCG re-
duces ROS associated with UVB radiation and hydrogen
peroxide in cultured human lens epithelial cells. It also
protects human RPE cells against UVA-induced damage
and retina photoreceptors against oxidative stress by so-
dium nitroprusside. In cultured corneal epithelial cells,
EGCG demonstrates anti-inflammatory and anti-oxidant
activity. Topical administration of EGCG effectively in-
hibits corneal neovascularization in rabbits. This inhibi-
tory effectis probably related to the suppression of VEGF
and COX-2 mediated angiogenesis. Topical EGCG treat-



7 EP 3 203 993 B1 8

ment in mice is able to reduce the clinical signs and in-
flammatory changes in KCS by suppressing the inflam-
matory cytokine expression and infiltration of CD11b+
cells in the cornea.

[0021] It has been established that diabetic rats rapidly
develop diabetic "sugar cataracts" through osmotic
stress that is linked to the intracellular accumulation of
sorbitol, whose formation is catalyzed by the enzyme al-
dose reductase. The accumulated sorbitol initiates os-
motic stress that induces endoplasmic reticulum (ER)
stress that subsequently initiates an unfolded protein re-
sponse that leads to the generation of ROS. Prevention
of sorbitol formation through adequate inhibition of al-
dose reductase with aldose reductase inhibitors prevents
the formation of diabetic cataracts. In contrast, reduction
of ROS resulting from ER stress only delays the formation
of cataracts.

[0022] Several experiments were performed to deter-
mine the effectiveness of the composition described
above.

Reference Example 1

[0023] Preparation of a 1kg Formulation Containing
4% (wt/wt) Active Ingredients Deionized water (750 g)
was added into an appropriate sized stainless steel or
glass vessel at room temperature, followed by 0.1 g of
cetrimide to give a final concentration of 0.01%, and the
mixture was stirred until dissolved. This was followed by
the addition of 0.1 g of EDTA with stirring until dissolved
to give a final concentration of 0.01%. Next, 57 g of 70%
USP Sorbitol was added to give a final concentration of
5.7%, and the mixture was stirred until dissolved. This
was followed by the addition of 40 g of resveratrol to give
a final concentration of 4.0%. After the solution was well-
mixed, 8 g of Carbopol 980 was added to give a final
concentration of 0.80%, and the mixture was stirred until
completely hydrated. This was then followed by the ad-
dition of 40 g of ethyl pyruvate and 40 g of Camelia Sinesis
extract (EGCG) to give a final concentration of 4% each.
This solution was mixed for 5-10 minutes, and 40 g of
astaxanthin was added to give a 4% final concentration.
After the astaxanthin was dispersed by mixing, the pH
was adjusted to 7.0-7.4 with 5N sodium hydroxide solu-
tion. Appropriate deionized water was then added to ad-
just the final water added to 774.8 g (deionized water and
hydroxide solution). This concentration was used for the
experimental studies.

Example 2
Diabetes-Induced Cataracts

[0024] For this study, diabetes was induced in young
(100 g) Sprague Dawley rats by tail vein injection of 75
mg/kg of streptozotocin, as described by Randazzo et
al. (PLoS One, 2011, 6(4), p. €18980). All rats with blood
glucose levels > 300 mg/dL were then equally divided
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into 4 groups of 6 each. The first group served as un-
treated controls, while the second group received 1 drop
of the topical aldose reductase inhibitor Kinostat™ to
each eye b.i.d. The third group topically received 1 drop
of the present antioxidant eye drops composition, pre-
pared as described above and referred to as Optixcare
EH, to each eye b.i.d. The fourth group once daily orally
received 1 mL of tween 80 Ocu-GLO™ solution, which
was prepared by dissolving the contents in capsules of
Ocu-GLO™ (Animal Health Quest, Bellingham, WA) in
an appropriate amount of Tween 80 so that administra-
tion of 1 mL of the Tween mixture was delivered per the
manufacturer’'s suggested dosage of nutraceutical for-
mulation per weight of animal. Lens changes were mon-
itored weekly by handheld slit lamp following dilation of
each eye with 1 % tropicamide ophthalmic solution. Lens
changes were evaluated by portable slit lamp using a
scale of 0-3, with 0 corresponding to no lens changes;
0.5 corresponding to suture accentuation; 1 to vacuole
formation; 2 to cortical opacity; and 3 to mature cataract.
The study was terminated 8 weeks after induction of di-
abetes and the lenses were carefully removed from each
enucleated eye using a posterior approach and photo-
documented. Blood glucose levels at the onset of the
study were determined using a commercial glucometer
(Freestyle by TheraSense, Alameda, CA). HbA1C levels,
which measure the overall hyperglycemiain eachratover
the length of the study, were determined at study com-
pletion using the Bayer Metrika A1cNOW Plus System
test kit (San Diego, CA). The results obtained (HbA1C,
mean = SEM untreated Control 10.7 = 0.7; Kinostat™
11.48 + 0.2; Optixcare EH 10.6 = 0.7; Ocu-GLO™ 10.4
+ 0.76) confirmed that rats in all groups were equally
diabetic.

[0025] As summarized in Figure 1, all young diabetic
rats rapidly developed cataracts over an eight-week pe-
riod, and this formation was prevented by the topical ad-
ministration of the aldose reductase inhibitor (ARI) Kino-
stat™. The onset and progression of cataracts in these
diabetic rats was delayed by the administration of nu-
traceuticals with the topical administration of Optixcare
EH, demonstrating a greater delay than the oral admin-
istration of the Ocu-GLO™. These slitlamp observations
were confirmed at the end of the study by microscopic
examination of the dissected lenses, as shown in Figure
2. While no lens opacities were evident in lenses from
the ARl treated rats, both the untreated and orally treated
Ocu-GLO™ rats developed lens changes ranging from
cortical to mature cataracts (Figure 2). In contrast, pri-
marily suture accentuation, which is the initial stage of
sugar cataract development, was present in the Optix-
care EH treated diabetic rats.

Example 3
UV-Induced Cataracts

[0026] Exposure to UV irradiation is another major risk
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factor of cataractogenesis. UV-irradiation induces ROS,
which results in a rapid loss of reduced lens gluthione
(GSH), the major antioxidant in the lens, followed several
weeks later by subsequent lens opacification. For this
study, young female Sprague Dawley rats were divided
into five equal groups. One group served as the non-
irradiated control group, while the second group served
as the untreated irradiated control group. The third group
received topical Optixcare carbomer vehicle containing
3% JHX-4 (4-(5-hydroxypyrimidin-2-yl)-N,N-dimethyl-
3,5-dioxopiperazine-1-sulfonamide (99% pure by
HPLC), the fourth received the present antioxidant eye
drops composition, prepared as described above and re-
ferred to as topical Optixcare EH, and the fifth group re-
ceived 1 mL of the oral Ocu-GLO™ by gavage, as de-
scribed above. Treatments began 3 days prior to irradi-
ation and continued until termination of the experiment.
Prior to irradiation, each rat was anesthetized by intra-
peritoneal (i.p.) injection of a mixture of 60 mg/kg of ket-
amine and 10 mg/kg of xylazine, and the right eye was
dilated with 1% tropicamide ophthalmic solution. The
contralateral eye was covered with an eye patch that was
held in place with black tape. Each rat was placed on its
side with only one eye exposed for 15 minutes to 1600
pw/cm?2 of UV light (280-360 nm, UV/,, 306 nm), while
the covered contralateral eye was down and away from
UV exposure. Two days after irradiation, each rat was
euthanized with carbon dioxide asphyxiation. Both eyes
were enucleated and the lenses were carefully removed
by a posterior approach. Each lens was homogenized
with ice-cold Lysis buffer (pH 7.5), and the insoluble pro-
teins were removed by centrifugation at 4°C. Protein lev-
els in an aliquot of the supernatant were measured ac-
cording to Bradford Assay. Another aliquot was depro-
teinized with equal volume of 20% TCA and the GSH
levels in the deproteinized supernatants were measured
at 412 nm according to the DTNB method.

[0027] Evaluation of the lenses in each eye showed
that GSH levels were significantly lower (p < 0.05) in the
eyes exposed to UV irradiation compared to GSH levels
in their unexposed contralateral lenses, as shown in Fig-
ure 3. Similar irradiation of rats pretreated for 3 days with
topical 3% JHX-4 b.i.d., Optixcare EH, b.i.d., or oral Ocu-
GLO™ administered daily by gavage, resulted in GSH
levels being significantly reduced only in the Ocu-GLO™
treated rats. GSH levels in irradiated lenses from rats
topically treated with either Optixcare EH or 3% JHX-4
were not significantly lower (Figure 3). To confirm that
the reduced GSH levels after UV exposure were linked
to increased levels of ROS, the lenticular levels of the
oxidized membrane lipid 4-hydroxynonenol (4-HNE)
were determined using a competitive ELISA in the re-
maining homogenate supernatants by using the OxiSe-
lect HNE Adduct Competitive ELISA Assay Kit (Cell Bi-
olabs, Inc., San Diego, CA) according to the manufac-
turer’s instructions. As summarized in Figure 4, UV ex-
posure resulted in an increase in 4-HNE levels, which
were reduced by antioxidant treatments in the order: top-
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ical JHX-4> topical Optixcare EH > oral Ocu-GLO™.
Compared to 4-HNE levels in lenses from untreated rats
exposed to UV irradiation, 4-HNE levels were significant-
ly lower in UV exposed lenses from rats treated with JHX-
4 (p<0.01) and Optixcare EH (p<0.05). 4-HNE levels in
irradiated lenses from the Ocu-GLO™ treated rats were
not significantly different than levels in lenses from un-
treated rats exposed to UV radiation. 4-HNE lens levels
from the UV exposed and unexposed contralateral eyes
were statistically similar only in the JHX-4 treated rats.

Example 4
Light-Induced Retinal Degeneration

[0028] In the neural retina of dark adapted rats, expo-
sure to light also results in the generation of ROS, iron
dysregulation, and the release of iron from ferritin. In this
animal model of age-related macular degeneration
(AMD), Wistar rats were either orally treated with diet
containing 0.05% of the multifunctional antioxidant JHX-
4 or topically treated b.i.d. with Optixcare EH, with treat-
ment beginning at the onset of two weeks of dark adap-
tion.

[0029] As previously described in detail by Randazzo
et al. (PLoS One, 2011, 6(7), p. €21926), groups con-
taining twelve 4-5-week-old male Wistar rats receiving
either normal rat chow (untreated), normal rat chow and
topically treated with Optixcare EH b.i.d., or oral diet con-
taining 0.05% of the multifunctional antioxidant JHX-4
were dark adapted for two weeks. Rats from each group
were then individually placed into acrylic, flat bottom ro-
dent restraints (Plas-labs, Inc., Lansing MI) in a light box
apparatus and exposed for three hours to 1000 Ix of cool
white fluorescent lights (Lights of America, Los Angeles,
CA). An additional group of non-treated rats were also
placed into the light box apparatus for three hours, but
not exposed to light (non-light-damaged rats, NLD). Im-
mediately following light exposure, 8 light-damaged (LD)
rats from each group and 8 NLD rats were immediately
euthanized and the neural retinas were carefully dissect-
ed from the enucleated eye and frozen on dry ice for
subsequent analysis. Subsequently, the thawed retinas
were homogenized in lysis buffer for ELISA determina-
tions using 4-HNE-His Adduct and Nitrotyrosine ELISA
Kits. Additional thawed retinas were homogenized in
RIPA buffer containing Halt Protease and Phosphatase
Inhibitor Cocktail for western blot analysis of thioredoxin
(TRx) and thioredoxin reductase (TRxR) expression lev-
els. Protein samples were separated by SDS-PAGE and
transferred onto nitrocellulose membranes. After block-
ing the membrane with 5% dry milk in 0.1% TBS-T, the
membranes were then incubated overnight at 4°C with
the primary antibodies anti-TRx (1:1000 dilution) or anti-
TRxR (1:2000 dilution). Subsequently, after washing with
TBS-T, the membranes were incubated with a HRP-con-
jugated secondary antibody for 1 hour. The protein bands
were visualized by chemiluminescence and exposure to
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x-ray film. Finally, the membranes were re-probed with
antibody against GAPDH as an internal control. All vis-
ualized protein levels were quantified using the NIH Im-
agedJ program available online at rsbweb.nih.gov/ij/.
[0030] In general, topical ocular administration of
drugs does not result in adequate retinal levels of drug
being obtained. Therefore, topical administration of Op-
tixcare EH to light-exposed dark-adapted rats was not
anticipated to result in any significant protection of retinal
oxidative stress compared to the oral administration of
the multifunctional antioxidant JHX-4. Surprisingly, ben-
eficial retinal antioxidant effects were observed with top-
ically administered Optixcare EH. As reported by Ran-
dazzoetal. (PLoS One, 2011, 6(7), p. €21926), exposure
of neural retinas to 1000 Ix of light for 3 hours resulted in
an increase of oxidative stress markers that include 4-
HNE adducts formed with histidine following the non-en-
zymatic oxidation of polyunsaturated fatty acids (see Fig.
5A) and nitrotyrosine-modified proteins resulting from ty-
rosine residues being oxidized by peroxynitrite formed
by the reaction of nitric oxide with superoxide anions (see
Fig. 5B). After light exposure, both of these markers sig-
nificantly increased, while neither oxidative marker sig-
nificantly increased in similar light-exposed rats treated
with JHX-4 (Figures 6A, 6B). Rats treated with Optixcare
EH showed partial increases in both oxidative markers.
However, these increases were significantly less than
those in untreated rats. ROS and free radicals generated
by retinal exposure to acute excessive light are also me-
diated by the thioredoxin (TRx)/thioredoxin reductase
(TRxR) defense system. Therefore, the expression lev-
els of both TRx and TRxR in the neural retinas of these
rats were also examined. Both TRx and TRxR expression
increased in untreated rats exposed to light, as shown in
Figs. 6A, 6B. The expression of TRxR was significantly
lowered (p<0.05) in the neural retinas of light exposed
rats treated by either JHX-4 or Optixcare EH. However,
TRx expression was only reduced by JHX-4.

[0031] The reduction of oxidative stress by JHX-4 and
Optixcare EH was confirmed by histological measure-
ments of the photoreceptor layers. After light exposure
as described above, selected rats in each group were
returned to the dark environment for 7 additional days.
Each rat was then euthanized by carbon dioxide asphyx-
iation, and the dorsal ventral orientation of each eye was
marked with a cautery tool. The eyes were then enucle-
ated, fixed in a 3:1 (v/v) methanol:acetic acid solution
overnight, and processed by standard histological meth-
ods. Digital images of the H&E stained sections were
obtained using a Zeiss AxioPlan microscope (Carl Zeiss
Microlmaging, Inc., Thornwood, NY) using Axiovision
software. The outer nuclear layer (ONL) thickness was
measured at 400 pm intervals, starting at the optic nerve
head and extending toward the superior and inferior ora
serrata using Image-Pro Plus software (Media Cybernet-
ics, Silver Spring, MD). Results showed that the intense
light exposure resulted in photoreceptors thinning in the
outer nuclear layer (ONL), with damage in the superior

10

15

20

25

30

35

40

45

50

55

hemisphere more pronounced than the inferior hemi-
sphere. Inrats treated with JHX-4, the photoreceptor lay-
er was only slightly decreased, both in the inferior hem-
isphere and superior hemisphere. In contrast, the pho-
toreceptor layer was only partially protected in the Op-
tixcare EH treated rats. These results suggest that de-
spite topical delivery, Optixcare EH can partially reduce
oxidative stress in the retinas of light damaged rats.

Example 5
Scopolamine-induced Dry Eye

[0032] Optixcare is a commercially available car-
bomer-based eye lubricant that is used in the veterinary
market to protect eyes from dehydration during anesthe-
sia and as adjunctive support for dry eyes. Optixcare be-
longs to a class of ocular comfort agents thatis composed
of poly(acrylic acid) polymers that are designed to relieve
ocular discomfort by augmenting the characteristics of
the tear film so that the tear volume is stabilized and
retained, while the ocular surface remains lubricated.
Other such agents include hyaluronic acid, which retains
water. Since Optixcare, Optixcare H (Optixcare contain-
ing hyaluronic acid) and the hyaluronic formulation Idrop
Vet Plus Ophthalmic Solution (topical hyaluronic acid
from imed Pharma, Dollard-des-Ormeaux, Canada) are
used in the veterinary market for alleviating the clinical
symptoms of dry eye, the potential effect of Optixcare
EH on actually treating dry eye was investigated because
the ingredients in Optixcare EH possess not only antioxi-
dant, but also anti-inflammatory activity. Dry eye was in-
duced in thirty 180-200 g female Lewis rats, which were
divided into 5 groups. One served as an untreated con-
trol, while each of the other groups received 1 drop of
either Optixcare, Optixcare H, Idrop Vet Plus Ophthalmic
[0033] Solution, or the present antioxidant eye drops
composition (Optixcare EH) in each eye twice daily. Dry
eye was induced in all rats by twice-daily subcutaneous
injection of a 0.1 mL aqueous solution containing 24 mg
of scopolamine (48 mg total dosage per day). Tear flow
was measured weekly prior to dosing using Zone-
Quick™ Phenol Red Threads (FCI Opthalmics, Pem-
broke, Massachusetts) by anesthetizing each rat with iso-
fluorane. The lower eyelid was pulled down, and using
forceps, the folded 3 mm end of each thread was placed
into the palpebral conjunctiva at a point approximately
1/3 of the distance from the lateral canthus. The string
was leftin the open eye for 15 seconds and then removed
by gently pulling the lower eyelid down and removing the
thread with an upward motion. The length of red-stained
thread was then immediately measured. As summarized
in Figure 7, tear flow in each rat, determined as the av-
erage of both eyes, decreased over time in the untreated
rats, and topical administration of any of the comfort
agents Optixcare, Optixcare H, or i-Drop hyaluronic acid
did not alter this decrease in tear flow. In contrast, tear
flow was preserved in similar scopolamine injected rats
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receiving the present Optixcare EH composition. This in-
dicated that the addition of nutraceuticals antioxidants
alter the ability of Optixcare to serve as an adjunctive
treatment for dry eye.

[0034] The composition can be disposed in and/or dis-
pensed from a low density polyethylene (LDPE) tube,
e.g.a 15 g., white, low-density polyethylene (LDPE) tube.
The tube can include five layers, including an ethylene
vinyl alcohol copolymer barrier sandwiched with adhe-
sive between each two layers of the polyethylene. The
tube caninclude, forexample, adispensertip witha0.119
cm (0.047") orifice and a smooth, threaded closure that
is 2.222 cm (7/8") in diameter.

[0035] Itis to be understood that the present invention
is not limited to the embodiments described above, but
encompasses any and all embodiments within the scope
of the following claims.

Claims

1. An antioxidant eye drop composition consisting es-
sentially of:

between 0.1 wt% and 5 wt% ethyl pyruvate;
between 0.1 wt% and 5 wt% resveratrol;
between 0.1 wt% and 5 wt% astaxanthin;
between 0.1 wt% and 5 wt% green tea extract
containing (-)Epigallocatechin gallate; and

the balance being a carbomer gel carrier, wherein
the carbomer gel carrier consists essentially of:

0.4 wt% Carbopol 980 NF;

5.7 wt% sorbitol;

0.01 wt% cetrimide;

0.01 wt% EDTA,; and

the balance being deionized water;

wherein the pH of the eye drop composition is ad-
justed to between 7.0 and 7.4 with effective amounts
of sodium chloride and sodium hydroxide.

2. The composition of claim 1, wherein the antioxidant
eye drop composition consists essentially of:

4 wt% ethyl pyruvate;

4 wt% resveratrol;

4 wt% astaxanthin; and

4 wt% green tea extract containing (-)Epigallo-
catechin gallate;

the balance being the carbomer gel carrier.

3. The composition of claim 1 or claim 2 for use in the
treatment of cataracts induced by oxidative stress,
wherein the composition is formulated for topical ad-
ministration to a human or other mammal in need
thereof.
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4. The composition for use in the treatment of cataracts
according to claim 3, wherein a dose of said compo-
sition is 1 drop of the antioxidant eye drop composi-
tion for administration to each eye of the human or
other mammal in need thereof twice daily.

5. The composition of claim 1 or claim 2 for use in re-
ducing retinal degeneration induced by oxidative
stress, wherein the composition is formulated for top-
ical administration to a human or other mammal in
need thereof.

6. The composition for use in reducing retinal degen-
eration according to claim 5, wherein a dose of said
composition is 1 drop of the antioxidant eye drop
composition for administration to each eye of the hu-
man or other mammal in need thereof twice daily.

7. The composition of claim 1 or claim 2 for use in re-
ducing the reduction of tear flow observed in dry eye
induced by oxidative stress, wherein the composition
is formulated for topical administration to a human
or other mammal in need thereof.

8. The composition for use in reducing the reduction of
tear flow according to claim 7, wherein a dose of said
composition is 1 drop of the antioxidant eye drop
composition for administration to each eye of the hu-
man or other mammal in need thereof twice daily.

Patentanspriiche

1. Antioxidative Augentropfenzusammensetzung, die
im Wesentlichen aus Folgendem besteht:

zwischen 0,1 Gew.-% und 5 Gew.-% Ethylpyru-
vat;

zwischen 0,1 Gew.-% und 5 Gew.-% Resverat-
rol;

zwischen 0,1 Gew.-% und 5 Gew.-% Astaxan-
thin;

zwischen 0,1 Gew.-% und 5 Gew.-% Griintee-
Extrakt enthaltend (- )Epigallocatechingallat;
und

wobeider Rest ein Carbomergeltrager ist, wobei
der Carbomergeltrager im Wesentlichen aus
Folgendem besteht:

0,4 Gew.-% Carbopol 980 NF;

5,7 Gew.-% Sorbitol;

0,01 Gew.-% Cetrimid;

0,01 Gew.-% EDTA; und

wobei der Rest entionisiertes Wasser ist;
wobei der pH-Wert der Augentropfenzu-
sammensetzung mit wirksamen Mengen
Natriumchlorid und Natriumhydroxid auf
zwischen 7,0 und 7,4 eingestellt wird.
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2. Zusammensetzung nach Anspruch 1, wobei die an-

tioxidative Augentropfenzusammensetzung im We-
sentlichen aus Folgendem besteht:

4 Gew.-% Ethylpyruvat;

4 Gew.-% Resveratrol;

4 Gew.-% Astaxanthin; und

4 Gew.-% Gruntee-Extrakt enthaltend (-)Epigal-
locatechingallat;

wobei der Rest der Carbomergeltrager ist.

Zusammensetzung nach Anspruch 1 oder Anspruch
2 zur Verwendung bei der Behandlung von Katarak-
ten induziert durch oxidativen Stress, wobei die Zu-
sammensetzung zur topischen Verabreichung an ei-
nen Menschen oder ein anderes Saugetier, das des-
sen bedarf, formuliert ist.

Zusammensetzung zur Verwendung bei der Be-
handlung von Katarakten nach Anspruch 3, wobei
eine Dosis der Zusammensetzung 1 Tropfen der an-
tioxidativen Augentropfenzusammensetzung zur
Verabreichung an jedes Auge des Menschen oder
eines anderen Saugetiers, das dessen bedarf, zwei-
mal taglich ist.

Zusammensetzung nach Anspruch 1 oder Anspruch
2 zur Verwendung beim Reduzieren von Netzhaut-
degeneration induziert durch oxidativen Stress, wo-
bei die Zusammensetzung zur topischen Verabrei-
chung an einen Menschen oder ein anderes Sauge-
tier, das dessen bedarf, formuliert ist.

Zusammensetzung zur Verwendung beim Reduzie-
ren der Netzhautdegeneration nach Anspruch 5, wo-
bei eine Dosis der Zusammensetzung 1 Tropfen der
antioxidativen Augentropfenzusammensetzung zur
Verabreichung an jedes Auge des Menschen oder
eines anderen Saugetiers, das dessen bedarf, zwei-
mal taglich ist.

Zusammensetzung nach Anspruch 1 oder Anspruch
2 zur Verwendung beim Reduzieren der Reduzie-
rung des Tranenflusses, der bei trockenem Auge in-
duziert durch oxidativen Stress beobachtet wird, wo-
bei die Zusammensetzung zur topischen Verabrei-
chung an einen Menschen oder ein anderes Sauge-
tier, das dessen bedarf, formuliert ist.

Zusammensetzung zur Verwendung beim Reduzie-
ren der Reduzierung des Tranenflusses nach An-
spruch 7, wobei eine Dosis der Zusammensetzung
1 Tropfen der antioxidativen Augentropfenzusam-
mensetzung zur Verabreichung an jedes Auge des
Menschen oder eines anderen Saugetiers, das des-
sen bedarf, zweimal taglich ist.
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10

Revendications

Composition de collyre antioxydant se composant
principalement de :

entre 0,1 % en poids et 5 % en poids de pyruvate
d’éthyle ;

entre 0,1 % en poids et 5 % en poids de
resvératrol ;

entre 0,1 % en poids et 5 % en poids
d’astaxanthine ;

entre 0,1 % en poids et 5 % en poids d’extrait
de thé vert contenant du gallate de
(-)épigallocatéchine ; et

le reste étant un support de gel de carbomere, ledit
support de gel de carbomére se composant princi-
palement de :

0,4 % en poids de carbopol 980 NF ;
5,7 % en poids de sorbitol ;

0,01 % en poids de cétrimide ;

0,01 % en poids d’'EDTA ; et

le reste étant de I'’eau déminéralisée ;

le pH de la composition de collyre étant ajusté a une
valeur comprise entre 7,0 et 7,4 avec des quantités
efficaces de chlorure de sodium et d’hydroxyde de
sodium.

Composition selon la revendication 1, ladite compo-
sition de collyre antioxydant se composant principa-
lement de :

4 % en poids de pyruvate d’éthyle ;

4 % en poids de resvératrol ;

4 % en poids d’astaxanthine ; et

4 % en poids d’extrait de thé vert contenant du
gallate de (-)épigallocatéchine ;

le reste étant le support de gel de carbomere.

Composition selon la revendication 1 ou la revendi-
cation 2 destinée a étre utilisée dans le traitement
dela cataracte induite par stress oxydatif, ladite com-
position étant formulée pour une administration to-
pique aun humain ou a un autre mammiféere en ayant
besoin.

Composition destinée a étre utilisée dans le traite-
ment de la cataracte selon la revendication 3, une
dose de ladite composition étant 1 goutte de la com-
position de collyre antioxydant & administrer a cha-
que ceil de 'humain ou d’un autre mammifére en
ayant besoin deux fois par jour.

Composition selon la revendication 1 ou la revendi-
cation 2 destinée a étre utilisée dans la réduction de
la dégénérescence rétinienne induite par stress oxy-
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datif, ladite composition étant formulée pour une ad-
ministration topique a un humain ou a un autre mam-
mifére en ayant besoin.

Composition destinée a étre utilisée pour réduire la
dégénérescence rétinienne selon la revendication
5, une dose de ladite composition étant 1 goutte de
la composition de collyre antioxydant a administrer
a chaque ceil de 'humain ou d’un autre mammiféere
en ayant besoin deux fois par jour.

Composition selon la revendication 1 ou la revendi-
cation 2 destinée a étre utilisée pour réduire la ré-
duction du flux lacrymal observé dans la sécheresse
oculaire induite par stress oxydatif, ladite composi-
tion étant formulée pour une administration topique
a un humain ou a un autre mammifére en ayant be-
soin.

Composition destinée a étre utilisée pour réduire la
réduction du flux lacrymal selon la revendication 7,
une dose de ladite composition étant 1 goutte de la
composition de collyre antioxydant a administrer a
chaque ceil de 'humain ou d’'un autre mammifére en
ayant besoin deux fois par jour.
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